Experimental Procedures and Results

General Considerations
All commercially available reagents (analytical grade) and solvents (analytical grade) were obtained from Sigma Aldrich and used without further purification. Hihg performance liquid chromatography (HPLC) studies were performed with an Agilent 1200 Series HPLC system equipped with a radiometric detector (Gabi, Raytest) and a variable wavelength detector (wavelength for the analysis was set to 254 nm) connected in series. Unless stated otherwise, a RP-C18 column (Mediterranea Sea18, 4.6x150 mm, 5 μm particle size; Teknokroma, Spain) was used as the stationary phase and water/acetonitrile mixtures as the mobile phase at a flow rate of 1.5 mL/min. Identical conditions were used both for analysis of the reaction mixtures and to isolate products during identification of de-halogenated compounds.
The identity of all new compounds was determined by 1 H and 13 C NMR experiments, performed on 500-MHz Avance III Bruker spectrometer and UPLC/ESI-MS analyses, performed using an AQUITY UPLC separation module coupled to a LCT TOF premier XE mass spectrometer (Waters, Manchester, UK). The detection was carried out in positive mode, monitoring the most abundant isotope peaks from the mass spectra (M-H + ). GCMS analyses were performed on a 7820A GC system (Agilent Technologies), coupled to a 5975C inert XL MSD with Triple-Axis Detector (Agilent Technologies).
Synthesis of triflates
To a solution of aryl alcohol (1 mmol) and pyridine (3 mmol) in dichloromethane (1.5 mL) at -15°C, a solution of trifluoromethanesulfonyl anhydride (2 mmol) in dichloromethane (1.5 mL) was slowly added. The solution was stirred at -15°C for 1 hour. The reaction was quenched by the addition of water and the product was extracted with dichloromethane. The organic phase was dried over anhydrous magnesium sulphate, filtered, and the filtrate evaporated under vacuum. The crude product was purified by column chromatography over silica gel using ethyl acetate/petroleum ether = 1:9 mixture as the mobile phase. Pure aryl triflates were obtained in quantitative yield. The products identity was confirmed by 1 H and 13 C NMR and HRMS analysis.
temperature, while unreacted [ 11 C]CH 4 was recirculated. At the end of the process (8-9 cycles), the Porapak TM Q trap was heated at 190ºC and [ 11 C]CH 3 I was distilled under continuous helium flow (20 mL/min). The gas stream was passed through a trap containing phosphorous pentoxide and Ascarite II® (20-30 mesh) before being introduced in the reaction cartridge.
Formation of [ 11 C]MeZnI in zinc cartridge
A plastic solid phase extraction cartridge (reversible SPE tube, non-fluorous polypropylene, 2 mL; obtained from Sigma Aldrich, stock No. 57608) was filled with 3 g of zinc powder (<100 µm particles) and end-capped with 20 µm porosity glass frits. The cartridge was preloaded with iodine (100 µmol) in DMA (300 µL). [ 11 C]CH 3 I (ca. 370 MBq) was distilled into the cartridge and the reaction was kept at 65 °C for 1 min. The cartridge was washed with dry THF (3 mL), the amount of radioactivity was measured in a dose calibrator (PETDOSE HC, Comecer) and an aliquot was submitted to HPLC analysis.
One-pot Negishi coupling reaction via in situ formation of [ 11 C]MeZnI
A plastic solid phase extraction cartridge (reversible SPE tube, non-fluorous polypropylene, 2 mL; obtained from Sigma Aldrich, stock No. 57608) was filled with 3 g of zinc powder (<100 µm particles) and end-capped with 20 µm porosity glass frits. During optimization in model reaction, four different scenarios were assayed ( Figure  S1 ). Finally, scenario shown in In scenario shown in Fig. S1c , the cartridge was preloaded with the corresponding aryl halide or triflate (50 µmol), tetrakistriphenylphosphine palladium (10 µmol), and iodine (100 µmol) in DMA (300 µL). [ 11 C]CH 3 I (370 MBq) was distilled into the cartridge and the reaction was kept at 65 °C for 1, 3, 5 or 10 min. The cartridge was washed with dry THF (3 mL), the amount of radioactivity was measured in a dose calibrator (PETDOSE HC, Comecer) and an aliquot was submitted to HPLC analysis. Specific conditions are detailed below (entries correspond to Table 1 in the main document):
[ 11 C]4-Methylacetophenone a) Entry 1: 4-Bromoacetophenone reacted for 5 minutes, resulting in 83% conversion into the product. HPLC analysis: ACN/0.1% TFA in ultrapure water (40/60); rt prod = 6.02 min (radioactive detector), rt stand = 6.09 min (UV detector). b) Entry 14: 4-Acetophenyl trifluoromethanesulfonate reacted for 5 minutes, resulting in 73% conversion into the product. HPLC analysis: ACN/0.1% TFA in ultrapure water (40/60); rt prod = 6.02 min (radioactive detector), rt stand = 6.09 min (UV detector).
For this compound, a kinetic study to determine the percentage of radioactivity present as [ 11 C]4-methylacetophenone, [ 11 C]CH 3 I and [ 11 C]CH 4 (the latter formed by hydrolysis of [ 11 C]MeZnI) was carried out ( Figure S1 ). [ 11 C]3-Methylacetophenone a) Entry 2: 3-Bromoacetophenone reacted for 10 minutes, resulting in 35% conversion into the product. HPLC analysis: ACN/0.1% TFA in ultrapure water (40:60); rt prod = 6.17 min (radioactive detector), rt stand = 6.25 min (UV detector).
[ 11 C]2-Methylacetophenone a) Entry 3: 2-Bromoacetophenone reacted for 10 minutes, resulting in 53% conversion into the product. HPLC analysis: ACN/0.1% TFA in ultrapure water (40/60); rt prod = 6.27 min (radioactive detector), rt stand = 6.35 min (UV detector). b) Entry 10: 2-Iodoacetophenone reacted for 5 minutes, resulting in 23% conversion into the product. HPLC analysis: ACN/0.1% TFA in ultrapure water (40/60); rt prod = 6.27 min (radioactive detector), rt stand = 6.35 min (UV detector).
[ 11 C]Ethyl-4-methylbenzoate a) Entry 4: Ethyl-4-bromobenzoate reacted for 5 minutes, resulting in 69% conversion into the product. HPLC analysis: ACN/0.1% TFA in ultrapure water (60:40); rt prod = 4.58 min (radioactive detector), rt stand = 4.65 min (UV detector).
[ 11 C]1-Methylnaphthalene.
a) Entry 5: 1-Bromonaphthalene reacted for 10 minutes, resulting in 21% conversion into the product. HPLC analysis: ACN/0.1% TFA in ultrapure water (60/40); rt prod = 6.87 min (radioactive detector), rt stand = 6.98 min (UV detector). b) Entry 11: 1-Iodonaphthalene reacted for 10 minutes, resulting in 26% conversion into the product. HPLC analysis: ACN/0.1% TFA in ultrapure water (60:40); rt prod = 6.87 min (radioactive detector), rt stand = 6.98 min (UV detector).
[ 11 C]4-Methylaniline a) Entry 6: 4-Bromoaniline reacted for 10 minutes, resulting in 19% conversion into the product. HPLC analysis: ACN/0.1M NaOAc in ultrapure water (25/75); rt prod = 6.85 min (radioactive detector), rt stand = 6.85 min (UV detector).
[ 11 C]2-Methylaniline a) Entry 7: 2-Bromoaniline reacted for 10 minutes, resulting in 2% conversion into the product. HPLC analysis: ACN/0.1M NaOAc in ultrapure water (25/75); rt prod = 5.50 min (radioactive detector), rt stand = 5.63 min (UV detector). b) Entry 12: 2-Iodonaniline reacted for 10 minutes, resulting in 12% conversion into the product. HPLC analysis: ACN/0.1M NaOAc in ultrapure water (25/75); rt prod = 5.50 min (radioactive detector), rt stand = 5.63 min (UV detector).
[ 11 C]4-Methylanisole. a) Entry 8: 4-Bromoanisole reacted for 10 minutes, resulting in 8% conversion into the product. HPLC analysis: ACN/0.1% TFA in ultrapure water (60/40); rt prod = 3.70 min (radioactive detector), rt stand = 3.77 min (UV detector). b) Entry 13: 4-Iodoanisole reacted for 10 minutes, resulting in 33% conversion into the product. HPLC analysis: ACN/0.1% TFA in ultrapure water (60/40); rt prod = 3.70 min (radioactive detector), rt stand = 3.77 min (UV detector). c) Entry 15: 4-Methoxyphenyl trifluoromethanesulfonate reacted for 10 minutes, resulting no product.
[ 11 C]2,4-Dichlorotoluene a) Entry 9: 2,4-Dichloroiodobenzene reacted for 10 minutes, resulting in 60% conversion into the product. HPLC analysis: ACN/0.1% TFA in ultrapure water (60/40); rt prod = 9.10 min (radioactive detector), rt stand = 9.17 min (UV detector).
[ 11 C]Thymidine.
A zinc-filled (3 g of zinc powder) cartridge was preloaded with a solution of Idoxuridine (50 µmol), tetrakistriphenylphosphine palladium (10 µmol), and iodine (100 µmol) in DMA (300 µL). [ 11 C]CH 3 I (1.5 GBq) was distilled into the cartridge and the reaction was kept at 65 °C for 5 min. The crude was eluted from the cartridge with 20% MeOH solution in 10 mM NaH 2 PO 4 in ultrapure water (pH 5.4; 1.5 mL). The eluted fraction was filtered through cotton and purified by HPLC. A Mediteranea Sea 18 column (5 µm, 25x1 cm; Teknokroma, Spain) was used as the stationary phase and 20% MeOH solution in 10 mM NaH 2 PO 4 in ultrapure water (pH 5.4) was used as the mobile phase (flow = 5 mL/min). The product (Rt = 11-13 min) was collected and reformulated by trapping in a C-18 cartridge and subsequent elution with ethanol (1 mL). Chemical and radiochemical purity were determined by HPLC using an Agilent Zorbax XDB-C18 column (5 µm, 4.6 x 50mm) as stationary phase.
De-halogenation of aryl iodides
A plastic solid phase extraction cartridge (reversible SPE tube, non-fluorous polypropylene, 2 mL; obtained from Sigma Aldrich, stock No. 57608) was filled with 3 g of zinc powder (<100 µm particles) and end-capped with 20 µm porosity glass frits.
The cartridge was preloaded with the corresponding aryl halide (0.5 mmol), tetrakistriphenylphosphine palladium (0) (10 µmol), and iodine (100 µmol) in anhydrous DMA (300 µL). The cartridge was kept at 65 °C for 10 min. The cartridge was washed with THF (1 mL) and an aliquot was submitted to HPLC analysis. A small sample of the reaction mixture was injected in the HPLC, the different products were isolated and analysed by GCMS. See Figure S2 for example of analysis of the dehalogenation product resulting from entry 9 in Table 1 . experimental calculated Figure S3 . Gas chromatography chromatogram (top) and experimental mass spectrum of the peak observed at rt = 6.4 min (bottom). The calculated spectrum for 1,3-dichlorobenzene is also included to show exact matching.
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2 Computational methods
Standard 1M free energies in solution
All the reaction energies in solution were calculated at the 1M standard state. Since the harmonic analyses and the thermodynamic calculations were performed at P = 1 atm, the conversion between both states was performed by means of the following expression: [1, 2] ,
where n is a stoichiometric term given by
Since activation energies shown in Figure 3 correspond to intramolecular processes via TSa-c, n=0 and therefore in this particular case
Energies, imaginary frequencies and geometries of the stationary points discussed in Figures 2 and 3
All energies are given in atomic units (hartree/particle) and have been calculated at the B3LYP-D3 (PCM, solvent=N,N-dimethylacetamide)/6-31G* 
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